The removal of Pb(II) ions from synthetic wastewater using Delonix regia pods and leaves as low-cost biosorbents was investigated. The elemental, morphological and phase characterization of Delonix regia pods and leaves were examined before and after biosorption. The adsorption process at various pH values, contact times, initial concentration of Pb(II) ions and adsorbent doses was studied with the aim of investigating the consequences of these parameters on the process of biosorption. The Langmuir adsorption isotherm provided the best fit for the experimental data of the pods while the Freundlich isotherm gave a better fit for the leaves of Delonix regia. The optimum adsorption capacity of 30.27 mg/g for the pods and 27.60 mg/g for the leaves was achieved when 0.5 g of the adsorbent was mixed with 20 mL of 1,000 mg/L Pb(II) ions solution for 30 min at 21 ± 2 C and a stirring speed of 18 rpm. The data obtained from the time-dependent experiment of the biosorbents followed the pseudo-second-order kinetic model. This study showed that Delonix regia pods and leaves could be developed further as a low-cost sorbent that could be harnessed for removing Pb from industrial wastewater and thus limit water pollution from point sources.
INTRODUCTION
Pollution of heavy metals is an issue requiring great attention all over the world due to their persistent nature and toxicity for living organisms and the environment. Lead (Pb) has been found to be present in many industrial wastewaters (Davydova ) , thereby causing immense health and environmental issues. It is one of the most toxic pollu-are their high cost and the generation of large amounts of waste sludge whose disposal will constitute another environmental issue. Therefore, it is very important to find ecofriendly means of removing Pb(II) ions from industrial wastewater as this is a major means through which it enters the environment. Previous studies have investigated the use of various low-cost adsorbents for removing Pb(II) ions. Ayanda et al. () 
MATERIALS AND METHODS

Chemicals and reagents
All the chemicals used throughout the experiments were of analytical reagent grade and were used without further purification. Lead trioxonitrate (V) salt (Pb(NO 3 ) 2 ), nitric acid (HNO 3 ) and sodium hydroxide (NaOH) were obtained from Sigma Aldrich, USA. A stock solution of 1,000 mg/L of Pb(II) ions was prepared by dissolving Pb(NO 3 ) 2 with deionized water in 1 L volumetric flasks. The working standard solutions were prepared from the stock solutions by serial dilution to the required concentration. HNO 3 and NaOH (0.1 M) were used for the adjustment of pH where necessary.
Delonix regia pods and leaves were collected from Ekiti State University, Ado-Ekiti. The pods and leaves were washed thoroughly with deionized water and air dried, broken down into small pieces, and then the seeds were separated from the pods and were ground in a blender to fine dry powder.
Characterization of Delonix regia pods and leaves
The elemental composition of the pods and leaves of The percentage Pb(II) ions' removal was calculated with Equation (1) and the amount of Pb(II) ions adsorbed (q e (mg/g)) was calculated using Equation (2) (Omidvar-
where C o and C e (mg/L) are the initial and equilibrium con- Experimental adsorption data of time dependence was used for the kinetic modelling and it fitted the pseudosecond-order equation shown in Equation (3):
where k 2,ad is the pseudo-second-order rate constant for adsorption (g/mg/min); contact time, t, (min); Q t sorption uptake at any time t and Q eq (mg/g) is equilibrium sorption uptake.
The applicability of the pseudo-second-order kinetics is established by the linearity of the plot of t/Q t versus t (Figure 6 ), where Q eq and k 2,ad (Table 1) by Equation (4):
The plots of C e /Q e against C e shown in Figure 8 were employed to calculate the Langmuir constants, whose values are presented in Table 2 close. This is not the same for the leaves (Table 2) .
A dimensionless equilibrium separation factor, R L , expresses important characteristics of the isotherms, represented by Equation (5) (Arami et al. ):
R L shows whether the adsorption is favourable or not. Equation (6) is the linear equation of the Freundlich isotherm used to explain sorption in heterogenous surfaces (Freundlich ) . From this equation, log Q e was plotted against log C e (Figure 10 ), such that the Freundlich constants k f and n could be determined from the intercept and slope, respectively.
k f is the Freundlich constant which is related to the adsorption capacity and n is the Freundlich model constant 
Effect of ionic strength
The effect of inorganic salts (NaCl) on Pb(II) ions' biosorption at different ionic strengths was also considered. The results showed that the presence of NaCl has little or no effect on the removal efficiency of Pb(II) ions (Figure 12 ). The morphology and EDS analysis of Delonix regia pods and leaves after the sorption process was investigated. 
